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© Multiple balloon angiplasty catheter. 



© A balloon dilatation catheter adapted for use in 
angioplasty techniques has two balloons at the distal 
end of the catheter, one inside the other with a 
separate inflation lumen for each balloon. The cath- 
eter enables dilatation of stenoses of different sizes 
and the dilatation of arteries of different sizes without 
requiring catheter exchanges. 
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MULTIPLE 3ALL00N ANGIOPLASTY CATHETER 



F1EL0 OF THE INVENTION 

This invention relates to angioplasty catheters. 



BACKGROUND QF THE INVENTION 

This invention relates to improvements in bal- 
loon cilatation catheters for use in angiooiasty pro- 
cedures. Balloon angioplasty procedures nave 
been used with increasing regularity in recent 
years as a treatment for stenosed arteries, such as 
the coronary arteries. The procedure involves the 
use of a special catheter having a balloon at its 
distaJ end. The catheter is inserted percutaneousfy 
into the patient's arterial system and is advanced 
and manipulated to olace the balloon within the 
stenosis in the coronary artery to be treatec The 
balloon then is inflated under substantial oressure 
to press the placue and plaque laden arterial wall 
radially outwardly to enlarge the stenosed region of 
the artery. When successful, the procedure avoids 
the necessity for coronary artery bypass surgery. 

During an angiooiasty procedure, it is not un- 
common for the physician to have to make a cath- 
eter, exchange, to substitute another balloon cath- 
eter for the one in place in the patent's artery. The 
catheter exchange is a somewhat time<onsuming 
manipulation, it involves removal of the guidewrre 
from the catheter and insertion of a long exchange 
wire into the catheter, then removal of the catheter 
from the patient 'by withdrawing it over the ex- 
change wire, men advancing the next catheter onto 
and along the exchange wire to advance it to the 
region of the stenosis ana then removing the ex- 
change wire. Tyoicaily, the exchange wire win be 
replaced by another shorter guidewire which may 
be used to facilitate subsequent manipulation and 
placement of the catheter in the stenosis. 

The need for a catheter exchange may be 
prompted by several factors. Among the situations 
which requires a catheter exchange are those m 
which there is a need for a catheter with a different 
diameter balloon This may occur, for example, in 
treating a patient having multiple stenosis either in 
the same or in different arteries. Because of the 
nature or size of the stenosis or the size of the 
artery in wnich the stenoses is located, it may. be 
desiraole to use a cameter with a sVialier or a 
larger diameter balloon than that which is in place 
in the patient's arteries. Typically, such difference 
in size of stenoses have required the use of dif- 
ferent size balloon dilatation catheters. In recent 
years, as balloon angiooiasty techniques have de- 



veloped, there r.as seen an increase »n the ten- 
dency to perform such multiple dilatations on a 
patient, either to treat multiple stenoses :n a smgie 
coronary artery or in several or me :cro.nary ar- 
5 tertes. 

it has been recognizee that it would ce desir- 
able to have a single cameter having the capability 
of performing dilatations with cifferen: dameter bal- 
loons, in one procosed device, the catheter is 

'o provided with -wo dilatation balloons soaced along 
the length of the catheter, m tan c em. with the 
smaller of the balloons being located distally of the 
larger balloon. The tancem balloon arrangement 
presents several difficulties. 3ecause there is a 

'5 substantial length of catheter which extends distally 
of the proximal, larger diameter balloon, the range 
of locations where the proximal balloon can be 
placed is limited to the more proximal regions or 
the coronary artery tree. Additionally, the distal enc 

zo of the catheter which carries the smaller ciameter. 
distal oalloon will be too stiff and will no; track 
properly over the guidewtre anc through the coro- 
nary artery. 

Another oroposal to provide different diameter 

25 dilatation cacabiiity on a single cameter has been 
the use of a single balloon having a stepped ccn- 
figuration n which the distal portion of the balloon 
is cf a smaller diameter than the proximal portion 
of the balloon, with a transition region joining the 

jo two. This configuration presents the difficulty that 
when the smaller diameter of the portion is placed 
in a stenosis and inflated that also causes the 
larger diameter portion of the balloon to inflate, if 
the artery is too small to acceot the larger portion 

is of the inflated balloon, that could result m injury to 
the patient's artery, possibly rupturing it. 

It is among the general ooiects of the invention 
to provide a multiple balloon dilatation catheter 
having balloons of different diameters yet which 

<o avoids the foregoing ana other difficulties. 



SUMMARY OF THE INVENTION 

<s The catheter includes an elongate catheter 
shaft having at its distal end a oair of balloons in 
which one of the balloons is inside of and is 
completely enclosed within the other, outer balloon. 
The cameter shaft has two inflation lumens wmch 

so communicate separately with the balloons. The oai- 
loons are inflatable and defiataole mcependenily of 
each other. The balloons are formed from a very 
thin, yet strong, relatively inelastic material. The 
wall thickness of the balloons is sufficiently small 
so that when the balloons are collapsed the cam- 
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eter cefines a very lew profile in the region or the 
balloons. Thus, although one baflcon is contained 
wtthm the other, me catneter still is caoaoie of 
being oassed through a very narrow stenosis when 
.the baJloons are coflaosed. The catheter shaft also 
has a main lumen, ooen at the dista! tto of the 
catheter, which is receptive to a c/j!dewire and 
provides fluid communication between the proximal 
and distai ends of the catheter, 

it is among the generaJ objects of the invention 
to provide a balloon dilatation catheter for use in 
angioplasty procedures having the capability of in- 
flation to a plurality of diameters. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described in 
which the balloon may be inflated to different diam- 
eters without risking over-dilatation of other por- 
tions of the vessel being treated. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described in 
which both the smaller and larger balloons are 
equally and simultaneously piaceaole at a location 
within the patient's coronary arteries. 

Another object of the invention is to provice a 
baJloon dilatation catheter of the type described in 
which the smaller' of the balloons is contained 
completely within the larger of the baJloons. 

A further ooject of the invention is to provide a 
multiple balloon dilatation catheter of the type de- 
scribed in which each of the balloons is inflatable 
and debatable independently. 

Another object of the invention is to provide a 
balloon dilatation catheter of the type described 
which has a very low profile when the balloons are 
collapsed to enable the balloons to be inserted into 
a narrow stenosis. 



DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advan- 
tages of the invention will be appreciated more 
fully from the following further description thereof 
with reference to the accompanying drawings in 
wmch: 

F!G. i is a fragmented plan view of the 
catheter; 

FIG. 2 is a sectional illustration of the main 
shaft of the catheter as seen along the line 2-2 of 
FIG. t; 

FIG. 3 is an enlarged sectional illustration of 
the distal end of the catheter as seen along the line 
3-3 of FIG. 2 and illustrating the communication of 
an inflation iumen with the outer balloon; 

FIG. ^ is a sectional illustration of the distal 
region of the catheter as seen along the line 4-4 of 
FIG. 2 illustrating the communication of an inflation 
lumen wun tne inner balloon: and 



FIG. 5 is a section v. ..ie citrate' ta^en 
tr.rougn ;r\e saiiccns as seer aiorg re ime 5*5 cf 
FIG. 1 illustrating the oaitccns m a coiiaosec. lew 
profile configuration: 
5 FIG. 6 is an illustration similar to FIG. 5 witn 

tne inner balloon inflated: and 

FIG. 7 is an illustration simiiar to F!G. 5 m 
wnich the outer balloon is inflated. 

JO 

DESCRIPTION OF THE PREFERRED EMSODI- 
MENT 

As shown in FIG. i . the catheter nas a catheter 

;s body which includes a main shaft iQ. The mam 
shaft 10 oreferably is formed from an extrusion of a 
suitably flexible plastic materia! such as a polyvinyl 
chloride. The majn shaft 10 may have an outer 
diameter of. for example. \05Q' ano is formed to 

20 include a main lumen 12 and a oair of inflation 
tumens. including a first inflation lumen u and a 
second inflation lumen 16. as shown in FIG. 2. It is 
preferred to maintain the mam lumen 12 as large 
as is practically possible without making the first 

25 and second inflation lumens U, 16 too small. Addi- 
tionally, the main lumen 12 should be configured to 
receive a guidewire (illustrated in ohantom at 13) 
but without fully obstructing the main lumen 12 so 
as to permit injections of radicoaaue dye or the !ike 

30 and pressure measurements to be made as will be 
appreciated by those familiar with the art. In the 
preferred embodiment, the main lumen 12 is of a 
D-shaoed configuration and the smaller first and 
second inflation tumens 14, 16 may be of generally 

35 triangular configuration, as shown. 

Mounted on the distal end of the catheter are a 
pair of dilatation balloons, one inside the other and 
including an inner balloon 20 and an outer balloon 
22. The inner balloon 20 has an inflated diameter 

40 ■ and length, both of which are smaller than the 
corresponding dimensions of the outer balloon 22. 
Each of the inner and outer balloons 20. 22 has a 
fixed inflated diameter. The inner balloon 20 is in 
communication witn the second inflation lumen lS 

■js and the outer balloon 22 is m communication with 
the first iumen u to enabfe eacn of the balloons 
20. 22 to be inflated anc deflated independently of 
the other. 

The proximal end of the catheter h2s three 
so tubular legs which may be formed from flexible 
plastic material including a mam leg 2 d . a first side 
leg 26 and a second side tec 23. The rubuiar legs 
24. 25. 28 are connected to the catneter main shaft 
10 by a junction molding 30. A stress relief tuoe 32 
55 may be attached to the junction molding 30 and 
may extend distally over a portion of the mam snan 
10 to prevent kinking of the snaft <0 at its runcturo 
with the molding 30. The mam leg 24 is aiignec 
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within the molding 3C with :ne mam lumen :2. Tie 
first and seconc stae leas 2S. 23 are m commu- 
nication with the first and second inflation lumens 
u. 16. respectively. The legs 24. 25. 28 are pro- 
vided with fittings 30 at ineir oroximal ends fcr 5 
connection to aooroonate fluid devices, for inflation 
and deflation of the balloons or to deliver licuids or 
the iike. 

FIGS. 3 and -J illustrate me distal region of the 
catheter. The distal eno of the main shaft 10 is :o 
reduced in diameter to define a smaller diameter 
shaft distal segment 36. Connected to and about 
the distal end of the shaft distal segment 36 is a 
cistal extension tube 38 which may oe formed from 
polyvinyl chloride. The distal extension tube 38 15 
extends fully to and defines the distal tip ^0 of the 
catheter. The distal tip 40 includes a distal tip 
orifice 41 and a pair of side holes 43. The distal 
extension tube 38 is reinforced internally by a 
helical spring 42 which extends along and within 20 
the distal extension tube 38. The soring 42 re- 
inforces the extension tube 38 to resist collapse of 
the distal extension tube 38 when the balloons 20. 
22 are inflated uncer high pressures. It may be 
noted that at the distal portion of the shaft distal ?5 
segment makes a gradual transition in cross sec- 
tion from the 0-shape to a circular shape so as to 
join smoothly with the distal extension tube 38. The 
inner diameter of the distal extension tube 38 and_ 
reinforcing spring 42 should be large enough to 50 
provide clearance about the guidewire 13 suffi- 
ciently to permit dye injections and pressure mea- 
surements to be made. Preferably, in a diametral 
clearance of about 0.005-0.006' between the 
guidewire and lumen of the extension 38 and :$ 
spring 42 is adequate. The distal extension 38 may 
be provided with a radiopaque marker band 39 
about its mid-region to enhance the visibility of the 
catheter balloon region under fluoroscopy. 

As shown in FIG. 3. the outer balloon 22 in its *o 
inflated condition is of substantially uniform diam- 
eter along most of its length. The proximal and 
distal ends of the balloon 22 are formed to. define a 
taoered. conical configuration. The conical portion 
at the proximal end of the outer balloon 22 termi- js 
nates in a generally cylindrical collar 44 which is 
adhesively attached, as by cyanoacryiate adhesive, 
to the proximal end of the shaft distal segment 36. 
The distal end of the outer balloon 22 similarly has 
a distal collar 46 which is adhesively secured to the so 
distal region of the extension tube 38. just oroxi- 
mally of the tio 40. The interior of the outer balloon 
22 is maintained in communication with the first 
inflation lumen u by a first port 48 formed m the 
wall of the snaft distal segment 36. That portion of 55 
the first inflation lumen u which extends distally 
beyond the port 48 is filled with adhesive as in- 
dicated at 50. 
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THe r.mer 03ilcc-": CO similarly :S fcrmec exceo: 
;r. at it :s :f a smaller ::amoter ar.c is 5r.cr.2r :r,ar. 
:r.e cuter balloon 22. "-a ,r.r.e: balloon 20 -s moun- 
ted to the catheter by a orcximal collar 52 wmcn is 
adhesively boncec to tne shaft oistal segment 35 
at a location distal of the zon 43. The oalloon 20 
has a cistal cellar 54 wntch is attached :c the ostal 
extension tuoe 38 a: a location proximal of trie 
distal collar 45 0 t ; n e cuter paifoon 22. 

rlG. * illustrates the communication of tne sec- 
ond inflation lumen 16 with the interior of the sec- 
end balloon 20, As shown, a second port 55 is 
formed in the shaft distal segment 36 to commu- 
nicate the second lumen 16 with tne interior of the 
balloon 20. The end of the second lumen 16 may 
be left unblocked to provide additional flow area if 
desired. 

By way of illustrative examoie, the inner bal- 
loon may be of the order of 15 mm long and the 
Outer balloon may be of the order of 20 mm long, 
Preferably the inflated diameters of the balloon 
differ by about 1 mm. Thus, a catheter may be 
croviced m which the Inner balloon has an inflated 
diameter of 2 mm and an inflated diameter for the 
outer balloon of 3 mm. Similarly, a catheter having 
a 3 mm diameter may have an cuter balloon of a 
diameter at least 4 mm. The balloons are formed 
from very thin, flexible but relatively inelastic ma- 
terial, preferably polyethyeiene tereothalate and in 
a method as described in U.S. Patent No. 
4.490.421 to Levy. In order to form the very thin 
balloon In accordance with the present invention, 
the starting tubing from which the balloons are 
made should have a smaller wall thickness than 
hat described in the Levy patent. 9y way of exam- 
ple, for a 3.0 mm diameter balloon a starting tube 
of PET material having an inner diameter of .0168" 
and a wall thickness of .0042' may be stretched as 
described in the Levy patent to provide balloon 
double wall thicknesses of 0.0003-0.0004 inches. 
The double wall thickness is a measurement of the 
thickness of the balloon made by pinching the 
balloon and measuring the pinched thickness of 
two layers of the balloon material. Thus, the actual 
wall thickne;s of the balloon material is of tne order 
of .00015-.0002' The material is extremely thin and 
flexible yet provides adequate burst strengths of 
the order of 12 bars. For polyethylene tereph- 
thalate. from which the balloons of the invention are 
formec. it is preferred to heat the balloon to a 
temperature of between n0"C to 2i0°C (with - 
i50*C being oreferred) for a oenod cefween 10 to 
30 seconcs until a cystalization reaction nas oc- 
curred sufficiently to assure the dimensional stabil- 
ity of the balloon. 
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The extremely mm *ai:s or me balloons cerrr.it 
me balloons to 3e wrapped acout eacn omer wnen 
deflated, wniie providing a very low profile so that 
the catheter with collapsed balloons can be ad- 
vanced into very narrow stenoses, 3y way of a** 
ample, a catheter so mace with a distal extension 
tube 38 having a diameter of ,032" can oe passed 
through an ooening aoout .CKO" diameter. 

FIG. 5 illustrates, in cross-section, the balloons 
in a collapsed low profile configuration as they 
would be wnen the cameter is inserted into and 
through a guide catheter. Prior to insertion into the 
guide catheter, both inner and outer balloons 20. 
22 are asoirated through side legs 25, 23 to cause- 
the balloons to coiiaose, The wings defined by the 
bafloons may be wrapped about the catheter as 
suggested m FIG. 5 prior to insertion into the guice 
catheter, it snould be noted, however, that the walls 
of the balloons are very thin and highly flexible so 
that it is not essential to preliminarily wrao the 
balloons about the catheter. Simply inserting the 
catheter with aspirated balloons into the guide cam- 
eter is itself sufficient to cause the wings of the 
balloon to constrict about me catheter. Similarly, 
wnen the double balloon catheter is advanced into 
and through the coronary arteries, it may be 
passed through narrow constricted regions, such as 
a narrow stenosis and. in doing so. the wings of the 
collapsed balloons will wrao about the catheter to 
permit the double balloon catheter to oe inserted 
into the stenosis. 

FIG. 6 illustrates me configuration of the bal- 
loons when me smaller diameter inner balloon 20 is 
inflated. In this configuration, inflation medium is 
applied only to the second balloon through the 
second side leg 28 from an aoprooriate source of 
fluid pressure. The outer balloon 22 remains umn- 
flated and may be at atmospheric pressure to 
permit it to wrao closely about the outer diameter 
of me inflated inner balloon. To the extent that the 
unmfiated outer balloon nas excess balloon wall 
matenal and defines a wing unable to conform 
closely to the outer diameter of the inflated inner 
balloon, mat excess material will fold on itself with- 
in tne stenosis as suggested m FIG. 6. 

FIG. 7 illustrates the inflation of the outer bal- 
loon, in this configuration, inflation medium ts ap- 
plied only to me outer balloon through me first side 
leg 26 of an appropriate source of fluid pressure. 
The inner balloon may be at atmosoheric pressure 
and is permitted to coiiaose about the extension 
38. 

in use. the catheter may be advanced together 
with or over a guidewtre into the artery to be 
treated. The guidewire ana catheter may be ma- 
nipulated to place the balloons within a stenosis to 
be treated. The physician then may selectively 
inflate either me inner or the outer balloon deoeno> 



?r:g en me nature c'< me stenosis. if- after a ciiata- 
tier, nas seen :ercm?c *im me smaller ciamete' 
mner oalloon. mere >s an accarem neec .'or runner 
dilatation of the sterosis wim me larger ciameter 
5 balloon, mere i$ no need :o efiec: a cameter ex- 
change. The cuter balloon :s in dace wimir tne 
stenosis anc can oe inflated .mmeaateiy to effect 
;he further dilatation. The awkwardness anc time 
eelays typically associated with cameter excr.arges 

-o are avoiceo. Shouic the patient -ave muscle ves- 
sel disease or multiple stenoses in me same btocc 
vessel being treated, the esthete: can be manipu- 
lated anc repositioned within me stenoses and the 
balloon of aoorcoriate diameter may be inflated. 

is again, avoiding me difficulties attendee to a cath- 
eter exchange. 

For example, a pair of stenoses located -n the 
same coronary artery, one being oroximaliy located 
and the other being distally located may be treat- 

20 ed in seouence with the invention. The pnysioan 
may first treat the mere proximal stenoses which 
will be m a larger diameter portion of the coronary 
artery, by inflating the larger diameter balloon. After 
:hat dilatation has been ccmoieted and me large 

25 balloon deflated, the catheter can be advanced to 
locate the oalloon region within me stenosis in the 
more distal portion of the artery, where the artery 
typically will be of a smaller diameter. The dilata- 
tion at mat stenosis then may be performed by 

30 inflating me smaller balloon. Similarly, stenoses in 
different arteries can be' treated by mantoulating 
the catheter, oreferably with the assistance of a 
steerable guidewire, to enable repositioning of the 
catheter in the desired coronary artery. Thus, the 

35 cameter is capable of performing dilatations upon 
' relatively narrow stenoses as well as larger 
stenoses and in relatively narrow arteries as well as 
in larger diameter arteries. 

From the foregoing, it will be aoorecatec that 

jo the invention provides a multiple balloon catheter 
by which the necessity for cameter exchanges may 
be avoided when performing dilatations on a pa- 
tient having multiple stenoses m one or mere ar- 
teries, it should be understood, "owever, that tne 

^5 foregoing oescnotton of the invention ts intended 
merely to be illustrative thereof anc mat omer 
embodiments and modifications may be apparent 
to those skilled in the art without departing from its 
spirit. 

50 

Claims 

I. A dilatation catheter comprising: 
55 an elongate cameter ocoy having a proximal 

end and a distal end: 

an inner balloon mounted on the distal end of 
the catheter body; 
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an outer balloon mounted on the distal end of 
the catheter body and enclosing the inner balloon; 

each of said balloons being formed from a 
thin, flexible and relatively inelastic material; 

a first inflation lumen extending through the 5 
catheter body having a distal end in communication 
with the interior of the outor balloon; and 

a second inflation lumen extending through the 
catheter body and having a distal end in commu- 
nication with the interior of the inner balloon; to 

said first and second inflation lumens being 
independent of each other thereby to enable the 
balloons to be inflated or deflated selectively and 
independently of each other. 

2. A dilatation catheter as defined in claim i is 
further comprising: 

said catheter body having a main lumen 
extending therethrough, the main lumen terminating 
at a distal outlet distally of the balloons. 

3. A dilatation catheter as defined in claim 2 ?o 
wherein said balloons .each have a double wall 
thickness of about 0.0003 to 0.0004 inches and 
wherein the catheter body is less than about .0*0 
inches diameter in the region of tne balloons. 

4. A balloon dilatation catheter as defined in 25 
claim 3 wherein the balloon region of the catheter,' 

with both balloons deflated, can be passed through 
a hole .040 inches in diameter. 

5. A dilatation catheter as defined in claim 2 
further comprising: 30 

said catheter body comprising a main catheter 
shaft and a distal extension connected to a distal 
segment of the main shaft; 

each of said inner and outer balloons having a 
proximal end mounted to the main shaft and a 35 
distal end mounted to the distal extension: and 

means for reinforcing the distal extension from 
collapsing inwardly under the influence of pressure 
developed within either of the balloons. 

6. A dilatation catheter as defined in claim 1 ao 
wherein each of the balloons has a burst pressure 
which is not less than about 12 bars. 

7. A method for performing multiple dilatations 
without making catheter exchanges comprising: 

providing a dilatation catheter as defined m 45 
claim 1; 

placing the dilatation catheter within a patient's 
vascular system to locate the balloons within a first 
stenosis to be treated; 

inflating at least one of the balloons to effect a 50 
dilatation on the first stenosis; 

deflating said inflated balloon; 
repositioning the catheter within the patient's 
vascular system to locate the balloons within a 
second stenosis to be treated; and 55 

inflating at least one of the balloons within the 
second stenosis to effect a dilatation of that 
stenosis. 
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